The epicalyx is a structure below the calyx that is often integrated in floral display. In Malvales, the epicalyx is interpreted to be formed by bracts derived from inflorescence reduction. In this study, we compare the epicalyx and flower development of Lavatera trimestris and Malva hispanica, which are close relatives but show contrasting morphologies. Both species exhibit cymose branching, stipulate subtending leaves, a short plastochron between the appearance of the alternating epicalyx and calyx, a centrifugally developing androecium and a multicarpellar gynoecium. The predominantly trimerous structure and leafy morphology of the epicalyx suggest its origin from a former subtending leaf with leaf-like stipules. The bilobed epicalyx in M. hispanica represents a loss of the adaxial epicalyx lobe rather than modified bracts. In Malvoideae, the bracts and bracteoles in the flowering branches can be completely absent and are variable in position and number when present. Individual bracts and bracteoles could correspond to further reductions of former subtending leaves instead of precursors of the epicalyx. Although the centrifugal androecium behaves as a branched-like structure, it is a dynamic complex floral whorl with extended growth capacity. The umbrella in L. trimestris is a swollen part of the style without a well-understood role in floral or fruit morphology.
INTRODUCTION
The evolutionary success of angiosperms is attributed in large part to the evolution of flowers (Burger, 1981; Stebbins, 1981; Dilcher, 2000; Endress, 2006) , and the whorled organization of flowers can be considered an innovation allowing extraordinary diversification (Endress, 2001) . The structures positioned between the vegetative and floral meristems are an intriguingly varied but not fully understood part of this morphological diversity. In the core eudicots, the presence of phyllomes just below the flower results in the formation of an epicalyx, as found in genera such as Agrimonia L. (Hofmann & G€ ottmann, 1990; Mayer & Svoma, 1998; Bayer & Kubitzki, 2003; Donoghue, Bell & Winkworth, 2003; Sch€ onenberger & Conti, 2003; Ronse De Craene & Miller, 2004; Wanntorp & Ronse De Craene, 2009; Ronse De Craene, 2010) .
The epicalyx can exhibit a large range of morphological variation and is thought to play roles in pollinator attraction, ovary protection, germination and seed dispersal (Mayer & Svoma, 1998; Bayer & Kubitzki, 2003; Donoghue et al., 2003; von Balthazar et al., 2004; Carlson, Mayer & Donoghue, 2009 ). This phenotypic diversity has led to different interpretations of the nature of the epicalyx, for example as a whorl of stipules (Payer, 1857) or bracteoles (Schumann, 1895) in Malvaceae, as congenitally fused sepals in Lythrum and Cuphea (Lythraceae: Cheung & Sattler, 1967; Mayr, 1969) and as sepal-like appendages (Heywood et al., 2007) , stipules of adjacent sepals (Bell, 1991) or bracts in several families of angiosperms (Weberling, 1989 ; for a detailed review see Bayer, 1994) .
In Malvaceae, an epicalyx is present in six out of nine subfamilies: Bombacoideae, Byttnerioideae, Dombeyoideae, Grewioideae, Helicteroideae and Malvoideae (Bayer & Kubitzki, 2003) . In the last of these, the epicalyx is present in members of subtribe Malvinae and absent among members of subtribe Abutilinae (clades A and B, respectively, of Tate et al., 2005) . Bayer (1999) performed a comparative study of the inflorescence structure in Malvales and introduced the 'bicolour unit' hypothesis. The inflorescences consist of determinate units, each of which bears three bracts: one sterile and the others subtending lateral cymes or single flowers. According to Bayer (1999) , the epicalyx in Malvales thus consists of these three bracts after the loss of the lateral cymes and pedicels. Despite the importance and broad impact of this hypothesis in Malvales, few floral developmental studies have discussed it (e.g. Naghiloo, Esmaillou & Dadpour, 2014) .
The Malva L. generic alliance, hereafter called the MGA clade (Bates, 1968; Ray, 1995; Tate et al., 2005; Escobar Garc ıa et al., 2009) , displays a broad epicalyx morphology (Fig. 1A) . It includes Althea Crantz, Lavatera L., Malope L., Malva, Malvalthaea Iljin and Navaea Webb & Berthel. (Escobar Garc ıa et al., 2009) . Traditionally, the number and degree of fusion of the epicalyx lobes have been traits used to differentiate Althaea, Lavatera and Malva (Linnaeus, 1753). However, molecular-based phylogenetic analyses suggest that these characters are homoplasious in the MGA clade and that the trimerous epicalyx with free lobes is ancestral in this group (Ray, 1995; Escobar Garc ıa et al., 2009; Fig. 1A) . To interpret epicalyx morphology and development in the MGA clade, we compared the two closely related Mediterranean species Lavatera trimestris L. and Malva hispanica Loefl. ex L. from the southern Iberian Peninsula and north-western Africa. According to the phylogenetic analysis of Escobar Garc ıa et al.
(2009), L. trimestris and M. hispanica form a subclade with L. punctata All (Fig. 1A) . Although they exhibit a high degree of similarity in several floral characteristics, their epicalyx morphology is highly contrasting, with two free and narrow lobes in M. hispanica vs. three fused and wide lobes in L. trimestris. Given this differential epicalyx morphology and their close phylogenetic relationship, we studied the epicalyx origin, development and integration into the flowers in these species and compared it further with other members of the MGA clade, contrasting our evidence with the available interpretations of the epicalyx nature. Additionally, the branch-like aspect of the androecium and the differential gynoecial morphology of L. trimestris and M. hispanica are discussed.
MATERIAL AND METHODS
Seeds of M. hispanica from Campanario (Badajoz, Spain, J. Fuertes 1033 & A. Gonz alez, MA 883608) and L. trimestris from Tarifa, (C adiz, Spain, J. Fuertes 1037 & A. Gonz alez, MA 883609) were collected from natural populations. Seeds were sown in the greenhouse of the Real Jard ın Bot anico, Madrid (CSIC), and grown under constant conditions (16 h light, 24°C). Young flowers were dissected under a stereo-microscope and fixed in formalin, acetic acid and ethanol for a minimum of 24 h, then stored in 70% ethanol for scanning electron microscopy (SEM) and light microscopy (LM). For SEM, buds from 15 individuals were dissected under a Nikon SMZ 1000 stereomicroscope and dehydrated under an increasing ethanol series. Samples were dried with CO 2 using the Polaron CPD7501 critical-point dryer and mounted on aluminium stubs. After being covered with gold using a Balzers SDC-004 sputter coater at 45 mA, the floral buds were observed and photographed using a Hitachi S-3000N scanning electron microscope. For L. trimestris and M. hispanica, 484 and 591 images were recorded, respectively. Digital images were treated using Adobe Photoshop CS 4 v.1.0.2. For LM, pre-anthetic buds of M. hispanica (four individuals) and L. trimestris (five individuals) were dehydrated through an ethanol series to 100% and then taken through an ethanol-Histoclear series to 100% Histoclear. Buds were embedded in MacCormick Paraplast Plus paraffin, sectioned into 12-lm slices using a Jung AG microtome and stained using safranin and Alcian blue. Slides were mounted with DePeX mounting medium (Serva) and observed and photographed using a Nikon Eclipse 80i bright-field microscope. A similar procedure was followed for anatomical study of the subtending leaves and stipules. The floral formulae of L. trimestris and M. hispanica were constructed following Prenner, Bateman & Rudall (2010) .
GLOSSARY
Androclad: lateral and bracteate subordinate branch bearing only homosporangiate (androecial) organs (Meeuse, 1966) .
Androecial unit: stalked monothecate bilocular structures in the androecium of Malvoideae (von Balthazar et al., 2004) .
Bracteoles: in non-monocots, the two first reduced leaves of the floral axis associated with the flower (Endress, 1994; Ronse De Craene, 2010) .
Bract: differentiated scale-like reduced leaf associated with inflorescences or flowers, sometimes with photosynthetic capacity (Weberling, 1989; Endress, 1994; Ronse De Craene, 2010) .
Carpophore: extension of the receptacle to which the carpels are attached (Ronse De Craene, 2010) .
Congenital fusion: process of fusion of two organ meristems occurring from the beginning of development, in which the epidermis is not involved (Endress, 2015) .
Cymose: branching pattern of the inflorescences, in which the first-order axis never has more than twosecond-order axes or more than two extrafloral leaves (Endress, 2010) . Double flower: bud with additional petal or petaloid structures and fewer stamens than single wild flowers (Reynolds & Tampion, 1983; Roeder & Yanofsky, 2001) .
Epicalyx: whorl of structures inserted at the base of the calyx (Ronse De Craene, 2010) .
Isomerous: number of parts of a whorl being the same as the other whorls in the flower (Ronse De Craene, 2010) .
Monochasial: individual axes with only one lateral branch in a cymose complex (Endress, 2010) .
Obdiplostemony: arrangement of the stamens in two whorls, the outer opposite to the petals and the inner opposite to the sepals (Ronse De Craene, 2010) .
Plastochron: time between the initiation of two successive organs (Endress & Doyle, 2007) . Phyllome: organ categories of plants representing leaves and their homologous variations (Sachs, 1874) .
Stipule: reduced leaf-like appendage or outgrowth, single or in pairs, associated with the base of the petiole of a leaf from early stages of development (Bell, 1991; Ronse De Craene, 2010) .
Secondary polyandry: polyandry is the presence of numerous stamens, more than double the number of petals. Secondary polyandry refers to the division of the primary (common) primordia into several stamens (Ronse De Craene, 2010) .
Unifacial style: upper part of the carpel that forms the style; the product of a carpel-restricted closure in which the primary margin does not encompass the entire length of the carpel above the ascidiate zone (Endress, 2015) .
Whorled phyllotaxis: organs appear in pulses with unequal plastochrons and unequal divergence angles. Within a whorl, the organs are initiated either simultaneously or in a rapid spiral sequence (Endress & Doyle, 2007) .
RESULTS

MORPHOLOGY OF THE MATURE FLOWERS
Lavatera trimestris
The partial inflorescences consist of a subtending leaf with a well-developed green lamina and two long lanceolate stipules with an axillary shoot (Figs 1B, 2A) . Along the proximal part of the shoot, there are older individual flowers, also subtended by leaves (5-7 in Fig. 2A ). There is no evidence of additional bracteate prophylls associated with the distal flowers, but bracteoles were observed in proximal older flowers (Fig. 1B) . In the distal part of the partial inflorescence, there is a monochasial branching (4-7 in Fig. 2A ). Accessory buds were not observed. The epicalyx lobes are located below the sepal whorl, separated from it by c. 1-3 mm, surrounding the flower base (Fig. 1B, D) . They are fused to two-thirds of their length and are angulate-ovate, coriaceous and tomentose with stellate trichomes on the apex and the abaxial surface (Fig. 1B, D) . The median lobe of the epicalyx is adaxial (Fig. 2C ). The epicalyx is persistent in the fruit. The calyx is valvate, pentamerous and basally fused (Fig. 2C) . The sepals are lanceolate with stellate and glandular hairs on the abaxial side (Figs 1D, 4F). They remain united by coiled trichomes in their distal portion (Fig. 3H ). In the proximal adaxial side of each sepal, there is a patch of uni-/biserial glandular trichomes that form nectaries (Figs 4G, 7A, B) . The corolla alternates with the calyx and consists of five pink-lilac, shortly connate petals with contorted aestivation and contrasting darker veins (Figs 1D, F, 2C) . At the edges of the proximal adaxial side of each petal, there are two lateral rows of long hairs extending to the connate areas of the corolla (not shown). The androecium is formed by c. 70-80 connate androecial units in five groups, with a long staminal tube proximally adnate to the corolla. The stamen groups are opposite the petals (Fig. 2C) . The anthers are dorsifixed, disporangiate and extrorse with longitudinal dehiscence ( Figs 4H, 7C ). The multicarpellate and superior gynoecium consists of 11-13 unilocular carpels forming a whorl, each with a single ovule (Figs 2C, 4E, 7D, E). The style branches, one per carpel, are fused proximally (Fig. 4A, B ) and free distally, with the styles forming compressed rows (Figs 4C, 7F). The stigmas have a papillose dry surface (Fig. 4D ). Placentation is axile and the ovules are anatropous ( Fig. 7D , E). As the carpel matures, the style bases expand to form the umbrella, a discoid-like structure (Figs 4B, E, 7G, H). There is a central cylindrical structure that sclerifies and persists beyond the dehiscence of the mericarps at the fruiting stage, known as the columella (Fig. 7F ).
Malva hispanica
In this species, there is a monochasial branching pattern with the proximal second-order branches bearing individual flowers. In the distal part or the partial inflorescences, there are up to five branching orders, including accessory buds (Fig. 2B ). There are no bract-like additional prophylls. The epicalyx has two abaxial lanceolate free-lobes (Figs 1C, E, 2D). There is no adaxial epicalyx lobe. The epicalyx lobes are covered with stellate, forked or trifid trichomes, which are particularly abundant on the abaxial surface (Fig. 6P) . The calyx and corolla are pentamerous and alternate with each other (Fig. 2D ). The sepals are valvate and connate in their proximal portion (Figs 1E, 2D) . Abaxially, they are covered by multiseriate glandular hairs and stellate trichomes (Fig. 6P ). In the proximal adaxial side of each sepal, there is a patch of uni-/biserial nectarial trichomes that form nectaries ( Fig. 6M-O) . The contorted corolla displays darker veins on its adaxial surface (Figs 1G, 2D) . The petals are connate in their proximal part, forming a short tube with many long hairs (Fig. 6Q ). The connate androecium is formed by 50-60 monothecal androecial units in five groups opposite the petals ( Figs 2D, 6R ). The gynoecium is single-whorled, usually with 12-14 carpels facing the fused bases of the styles (Fig. 6I-K) . Placentation is axile and the ovules are anatropous (not shown). The styles are free in their distal part, and the stigmas are papillose and dry (Fig. 6K, L) .
FLORAL ONTOGENY
Lavatera trimestris
The floral buds initiate sequentially within the inflorescence in the axils of the incipient subtending leaves (Fig. 3A) . The stipules of the subtending leaf grow rapidly during the early stages of floral development, whereas the lamina extends more slowly (Fig. 3B, C) . The epicalyx organs initiate as sequential independent primordia, beginning with the abaxial one and ending with one of the laterals (Fig. 3C,  D) . Once raised, they fuse proximally (Fig. 3A-D) . The epicalyx lobes rapidly reach the same size. Then, the sepal primordia initiate simultaneously (Fig. 3D) . The abaxial and adaxial sepal primordia alternate with the epicalyx lobes (Fig. 3D) . By the time of initiation of the corolla/androecium ring wall, the sepals are connate at their base and display the dorso-ventrality of their lamina (Fig. 3E) . The floral bud is perfectly pentagonal when the corolla/androecium ring wall is initiated. The alternisepalous corners of the pentagon correspond to five primary androecial primordia that initiate simultaneously (Fig. 3E, F) . Each primary androecial primordium differentiates into two rows of alternating secondary primordia that develop centrifugally (Fig. 3G, H) . The petals become apparent soon after differentiation of the androecial secondary primordia (Fig. 3H ). They alternate with the sepals and are positioned opposite . From outer to inner whorls: subtending leaf (grey) united by dashed lines to the stipules in C and D, epicalyx lobes (white shapes), valvate sepals with hairy nectaries (black crescents with filiform adaxial structures), contorted petals (light grey) adnate to the androecial tube, androecium (central ring divided into five sectors, ovals represent androecial units) and central polymerous gynoecium with axile ovules (black ovals). Floral formulae abbreviations: A, androecium; B, epicalyx; C, corolla; G, gynoecium; K, calyx; Vx, axile placentation. Numbers indicate the number of organs per whorl. The double arrow indicates the opposite positions of the petals and the androecium sections. The symmetry of each whorl is indicated by the downward pointing arrow (zygomorphy) and the asterisk (actinomorphy). the primary androecial primordia (Fig. 3H, I ). The petal primordia grow slowly during development compared with the androecial units. Each secondary androecial primordium begins to subdivide into two tertiary androecial primordia in a centrifugal direction (Fig. 3I) . Subsequently, each tertiary androecial (numbers) . B, floral bud with recently formed epicalyx (top bud) and early branch with differentiated young floral bud. C, top floral bud with epicalyx primordium (white arrowhead) and apex of growing inflorescence (bottom). D, sepal initiation. E, initiation of the primary androecial primordia (black arrowheads). F, lateral view of a floral bud recently enclosed by the epicalyx (front sepals and epicalyx lobes removed). G, top view of a floral bud during centrifugal initiation of the secondary androecial primordia. H, lateral view of a floral bud enclosed by the calyx (front sepals removed) with the petal primordium (asterisk). I, lateral view of tertiary androecial primordia in one of the five main sections of the androecium subtended by a petal (asterisk). J, androecium with differentiated anthers surrounded by petals (asterisks). K-M, congenitally fused carpels (dots) and locule differentiation during petal enlargement (asterisks). N, detail of a young gynoecium with thick flanking walls separating the fused carpels (dots). The floral apex is flat. O, gynoecium with the rising floral apex partially covering the locules and distally free carpels (dots). P, lateral view of a half floral bud with fused androecial tube, differentiated anthers and dorsally bulging carpels (dots). Q, top view of a floral bud displaying the relative size and stage of petals (asterisks) and carpels (dots). Anther tube removed. e1, primary androecial primordia; e2, secondary androecial primordia; e3, tertiary androecial primordia; ep, epicalyx; f, floral apex; Lf, lamina of the subtending leaf; m, floral meristem; s, sepal; st, stipule; t, androecial tube; x, calyx tube. Scale bars, 50 lm.
primordium differentiates into a two-locular theca and a filament. During development, these androecial unit primordia form a distinctive zigzag pattern and subsequently occupy most of the space available on the androecial tube (Fig. 3I, J) . The carpel primordia emerge congenitally fused, forming a ring inside the androecial tube after differentiation of the tertiary androecial primordia and when the petals are already flat, expanding organs (Fig. 3K-M) . The carpels are basally connected at the ventral part of the flanks with their neighbours (Fig. 3L-N) . The floral apex is initially flat, but soon elongates until it reaches the level of the tip of the carpels, leaving the locule beneath ( Fig. 3N-P) . When the carpels enlarge, they exhibit dorsal bulging, a free distal part and unifacial styles (Figs 3O-Q, 4A-C, E). The proximal part of the styles is congenitally fused (Fig. 4A , B, E), whereas the distal part is free, forming compressed rows. The stigmas are dry and papillose (Fig. 4C, D) .
Malva hispanica
The floral buds initiate successively (Fig. 5A) . The stipules and the lamina of the subtending leaf develop more slowly than in L. trimestris (compare Fig. 3B , C vs. . 5Fig. C, D). The stipules differentiate almost simultaneously and remain relatively small compared with the fast-growing epicalyx organs (Fig. 5B-D) . Although the two epicalyx lobes initiate successively, they rapidly equalize in size and alternate with the lamina and the stipules of the subtending leaf (Fig. 5B-E) . The five sepals initiate simultaneously when the epicalyx lobes have overtopped the floral bud, with the abaxial one occupying the median position (Fig. 5C ). The sepals expand to reach a similar size to the epicalyx (Fig. 5E ). The pentagonal corolla/androecium ring wall primordium initiates, alternating with the sepals (Fig. 5F ). The petals initiate as the same time as the centrifugal differentiation of the secondary androecial primordia, opposite the five main androecial areas (Fig. 5G) . The tertiary androecial primordia rows differentiate centrifugally and alternate with each other in a zigzag pattern (Fig. 5H) . The androecial tube begins to enlarge, and the anthers differentiate (Fig. 5H, I ). In abnormally developed floral buds, premature initiation of the petal primordia was observed, with the formation of more than five primary androecial primordia (Fig. 5J) . With the androecial tube enlargement delayed, the secondary and tertiary androecial primordia are limited in number and do not form organized rows (Fig. 5K-M) . Whereas a tetra-or pentamerous corolla expands in these abnormal flowers, the tertiary androecial units are not evenly arranged, and petaloid structures emerge on the internal side of the androecial tube (Fig. 6A) . Gynoecial primordia were not observed in these abnormal flowers. In wild-type flowers, the gynoecium initiates, forming a congenitally fused ring inside the staminal tube (Fig. 6B) , and all carpels grow and elongate simultaneously, leaving the distal part of the styles free (Fig. 6C-H) . The styles become unifacial (not shown). As the expanding petals begin to be covered by short trichomes, the carpels enlarge, distinctive flanking zones form between them, and the fused proximal part of the styles becomes thicker and separated from the carpels (Fig. 6I, J) . As the carpels develop conspicuous dorsal bulging, the proximal part of the styles sinks and forms grooves that differentiate individual styles (Fig. 6K) . The distal portion of the styles remains smooth until preanthesis, when the dry and papillose stigmas differentiate (Fig. 6G, L) .
DISCUSSION HOMOLOGY OF THE EPICALYX WITH OTHER PHYLLOME STRUCTURES
The bract and the bracteoles In Malvales, the epicalyx is interpreted as homologous to the triad of bracts of a plesiomorphic modified inflorescence unit (Weberling, 1989; Bayer, 1999) . However, Naghiloo et al. (2014) questioned the bracteate nature of the epicalyx proposed by Bayer (1999) in Alcea rosea L., in which the epicalyx is present independently from the bracts in the inflorescence. Bayer's (1999) hypothesis refers to bracts from a modified plesiomorphic repeating unit (a cymoid bicolour unit) rather than the bracts currently observed in the inflorescences of these particular species. In the particular case of M. hispanica and L. trimestris, the epicalyx is not satisfactorily associated with a bract-like origin. The epicalyx lobes do not subtend the shoots or flowers as such, but are grouped at the base of the flower with a whorled disposition. Moreover, although an important ancestral branching rearrangement in the inflorescences could promote the epicalyx origin in Malvaceae, as implied by Bayer (1999) , it is difficult to associate the whorled epicalyx with individual and well-differentiated bracts in the bicolour unit of core Malvales.
An alternative interpretation suggests that the epicalyx consists of a whorl of bracteoles, as in Dirachma socotrana Schweinf. ex Balf (Dirachmaceae; Bell, 1991) . The persistence of three lobes in the epicalyx in the MGA clade (or multiples of three, such as the nine-lobed epicalyx in Althaea, Fig. 1A ) makes it difficult to associate the origin of the epicalyx with paired bracteoles. In M. hispanica, there are two free epicalyx lobes. These epicalyx lobes are located abaxially, alternating with the lamina of the subtending Figure 5 . Floral development of Malva hispanica. Scanning electron micrographs. A, partial inflorescence. Numbers indicate the order of initiation of the buds. B, epicalyx lobe differentiation. C, successive growth of the epicalyx lobes and sepal initiation. D, floral bud with sepal primordia surrounded by the epicalyx lobes and stipules of the subtending leaf. E, lateral view of the subtending leaf, sepals and epicalyx. F, primary stamen primordia initiation (arrowheads). Sepals are partially removed. G, centrifugal differentiation of the secondary stamen primordia with petals subtending different androecial areas (asterisks). H, centrifugal differentiation of the tertiary stamen primordia. I, anther differentiation and rise of androecial tube. Petals (asterisks) remain separated. J-M, abnormal young floral buds. J, initiation of six primary androecial primordia (arrowheads) after precociously formed petals (asterisks). K, differentiation of uneven secondary androecial primordia and enlarged petals (asterisks). L, irregular differentiation of tertiary androecial primordia alternating with undifferentiated secondary androecial primordia. M, enlargement of the androecial tube bearing androecial primordia at different stages. e1, primary stamen primordia; e2, secondary stamen primordia; e3, tertiary stamen primordia; ep, epicalyx; f, floral apex; Lf, lamina of the subtending leaf; m, floral meristem; s, sepal; st, stipule; t, androecial tube. Scale bars: 50 lm.
leaf, as also observed in the epicalyx of L. trimestris (Fig. 2C, D) . Then, in the context of the MGA clade (Fig. 1A) , we consider the bilobed epicalyx of M. hispanica to be derived from an original trimerous structure after loss of the adaxial lobe, rather than as an original paired bracteolar structure.
Stipules and subtending leaves
Evidence for the homology between epicalyx and sepals or stipules of the adjacent sepals has been found in, for example, Cuphea (Mayr, 1969) , Lythrum salicaria L. (Cheung & Sattler, 1967) and Potentilla L. (Rosaceae; Ronse De Craene, 2010). As far as we know, there is no evidence of a calyxrelated origin of the epicalyx in Malvaceae. However, this possibility could not be ruled out entirely for Anisodontea anomala (Link & Otto) D.M.Bates (Malvaceae, Anisodontea C.Presl alliance), in which the epicalyx and the calyx are adnate (see fig. 14B , C in Bates, 1969) .
The origin of the epicalyx from a stipulate subtending leaf has been considered previously (Payer, 1857; Eichler, 1878; Bates, 1968; Trimbacher, 1989) . The interpretation of leaf-like structures surrounding flowers as modified subtending leaves is found in Tofieldiaceae (Remizowa & Sokoloff, 2003; Remizowa et al., 2010) . The homology of subtending leaves of the flower with inflorescence phyllomes has been suggested in Malvaceae (Helictereae and Hermannieae), in which a reduction of the prophyll lamina with persistent stipules was proposed to explain the origin of the bracts surrounding their two-flowered basic structure (Bayer, 1999) . In Malachra L. (Hibisceae), there is no epicalyx (except in Malachra radiata L.) and the subtending leaf of the partial florescence forms a conspicuous involucrum ( fig. 19A in Schumann, 1895; Bayer, 1998) . In Nototriche Turcz. (Malvinae), a high-Andean genus with c. 75 species without an epicalyx due to an independent secondary loss (Tate et al., 2005) , the pedicel of the flower is inserted at the level or below the point of the stipules of a whorled-like subtending leaf (Hill, 1909; Chanco & Ulloa Ulloa, 2004) .
Similarly, the mostly trilobed structure of the epicalyx is consistent with the idea of its homology with the lamina and the two stipules of a floral subtending leaf. In Lavatera oblongifolia Boiss, L. , resembling a typical leaf structure with a lamina and its stipules. Remarkably, in cases where there are more than three lobes of the epicalyx in subtribe Malvinae, the number of lobes is usually a multiple of three (six or nine), suggesting an equal division of the whole initial trimerous structure. Multi-lobed epicalyces in Malvinae (with six or more segments) appear in Alcea L., Althaea and Kitaibela Willd. (Escobar Garc ıa et al., 2009 , 2012 Naghiloo et al., 2014) .
A comparison of the presence and position of subtending leaves and bracts/bracteoles on the inflorescences of Malvoideae (Bayer, 1994 ; M.A. Bello, A. Martínez-Asperilla & J. Fuertes-Aguilar, unpubl. data) suggests that the latter are related to particular inflorescence structures rather than to the presence, absence or disposition of the epicalyx. Although the bract and bracteole disposition forms a trimerous structure around individual flowers when present, these structures are independent organs and do not originate from the same meristem as the subtending leaf and its stipules. The presence and position of bracts/bracteoles is variable between and within genera with or without the epicalyx. In epicalyx bearers such as Althaea, individual flowers can be either Figure 6 . Middle and late stages of flower development of Malva hispanica. Scanning electron micrographs. A, abnormally developed floral bud with four flattened petals (asterisks) with an androecial tube bearing unevenly distributed stamens outside and petal-like structures inside. B, top view of recently initiated gynoecium (dots) and surrounding flattened petals (asterisk). Androecial tube removed. C, congenitally fused carpels (dots) with differentiated locule. D, lateral view of a gynoecium before closure with elongated styles and individual carpels undifferentiated in their proximal part (dots). E, carpels (dots) and fused proximal part of the styles. F, gynoecium with further differentiation of individual carpels (dots) with converging styles. G, distal part of young styles. H, styles converging in different rows. I, carpels (dots) covered by the solid structure formed by the proximal part of the styles. J, top view of mature petals (asterisks) surrounding an enlarged gynoecium. K, detail of a gynoecium with the base of the styles sunken on the top of the carpels (dots). Mature petal at the back (asterisk). L, dry and papillose stigma. M-P, nectarial patches on the sepals. M, distribution of the five nectarial patches at the bottom of the calyx tube (white arrows). N, young glandular trichomes in early stages of nectar development. O, developed glandular uni-/biserial trichomes. P, epicalyx lobes flanking a sepal, all covered by stellate and multicellular glandular trichomes. Q, proximal part of a developed corolla at the area between two petals (asterisks), showing the corolla tube and abundant filiform hairs. R, androecial tube (anthers removed) displaying branching stamens. e2, secondary stamen primordia; c, corolla; e3, tertiary stamen primordia; ep, epicalyx; s, sepal; t, androecial tube; x, calyx tube. Scale bars: A-I, L, M, P, Q, 50 lm; J, K, R, 0.2 mm; N, O, 5 lm.
surrounded by bracts/bracteoles, displaying an almost symmetrical structure (e.g. in A. armeniaca Ten. and A. officinalis L.; figs 74, 76 in Bayer, 1994) , or selectively deprived of bracts/bracteoles (A. cannabinna L., fig. 75 in Bayer, 1994) . In genera without an epicalyx, such as Abutilon Mill., bracts/bracteoles can flank individual flowers or can be absent from the partial inflorescence ( fig. 61 in Bayer, 1994) . Species fig. 61 in Bayer, 1994; fig. 10.20 in Ronse De Craene, 2010] do not have bracts/bracteoles in their partial inflorescences. It is possible that the bracts are a product of the further modification of former subtending leaves. In Navaea phoenicea Webb & Berthel., one of the first divergent species of the MGA clade (Fig. 1A) , there are three free bracts and two bracteoles alternating with the epicalyx lobes (our pers. observ.). Each of the three bracts seems to be the product of the congenital fusion of two or three organs, which could correspond to modified individual subtending leaves. Therefore, the epicalyx and the bracts could share the same original structure, i.e. a subtending leaf, but represent a parallel morphological differentiation.
FLORAL MORPHOLOGY AND DEVELOPMENT
Does the androecium call to mind a branched structure? The flowers of L. trimestris and L. hispanica display features of Malvoideae such as pentamerous structure, nectarial trichomatous patches on the adaxial side of the sepals, valvate sepals, contorted petals, an androecial tube with uniformly inserted monothecate units and anatropous ovules with axile placentation (Vogel, 2000; Bayer & Kubitzki, 2003; von Balthazar et al., 2004) . Some developmental traits of Malvales, such as initiation of the calyx and corolla, connation of the proximal part of the sepals, centrifugal development of the androecium and closure of carpels with unifacial styles (van Heel, 1966; Ronse De Craene & Smets, 1995; von Balthazar et al., 2004; Endress, 2015) , were found in these species (Figs 3-6) . One of the important features in Malvales is androecium development. This whorl has a transitional state in terms of merism, manifesting the pentamerous framework of the perianth whorls in early development and the increased merism of the gynoecium. In Malvales, the stamen fascicles are a case of secondary and complex polyandry inserted in an oligomerous framework (Ronse De Craene & Smets, 1992; Nandi, 1998; von Balthazar et al., 2006; .
The centrifugal development of androecial units in several members of Malvales, developing a tube around the ovary, is unique among angiosperms (von Balthazar et al., 2004; Ronse De Craene, 2010 Balthazar et al., 2004 Ronse De Craene, 2013) . In Malvaceae, centrifugal development occurs when the secondary androecial units and the androecial tube begin to grow and differentiate from top to bottom (Figs 3G, 5G) . In L. trimestris and M. hispanica, the first differentiated secondary androecial units (at the top of the androecium) split to form the tertiary androecial units (Figs 3G, 5H) . In abnormal flowers of M. hispanica, the distal and internal side of the androecial tube is occupied by petal-like structures, suggesting an incipient 'trial' of double flower formation ( Figs 5J-M, 6A) . A similar phenotype is observed in certain double flowers of Hibiscus rosa-sinensis L., in which petaloid structures replace either the androecial tube ( fig. 37 in MacIntyre & Lacroix, 1996) or the gynoecium (van Heel, 1966) .
Stamens developing centrifugally have been homologized to leaflet primordia (Leins, 1964) or as parts of androclads, i.e. lateral fertile branches (Meeuse, 1966) . In Euphorbia L. s.l., the centrifugal formation of male organs occurs within a single male partial inflorescence (Prenner & Rudall, 2007) . Currently, there is no evidence to propose that the monadelphous androecium of Malvoideae is an inflorescence-like whorl. There are no subtending leaves of the androecial units; however, the opposite configuration of the petal-primary androecial meristem evokes a subtending leaf-branch structure ( Figs 3I, 5G ). In fact, obdiplostemony is likely to be plesiomorphic in Malvaceae (von Balthazar et al., 2006) . Notably, in the first type of double flowers documented in Alcea rosea, there is an abnormal second proliferation of androecial primordial regions on the axil of the petals at the bottom of the initially differentiated androecial units ( fig. 5 in Naghiloo et al., 2014) . In this case, there is a centrifugal development of complexes of androecial primordia rather than only a centrifugal growth of individual androecial units. However, the evoked branch behaviour observed in the centrifugal androecium of Malvaceae is occasional and positionally irregular in the flower. Therefore, although the centrifugal androecium of Malvaceae can replicate itself in double flowers and is subtended by the petals, it is a dynamic flower whorl with an extended growth dynamic rather than a regular branching structure embedded in the flower.
Umbrella in Lavatera trimestris
In L. trimestris, M. hispanica and the MGA clade in general, the one-whorled gynoecium displays concomitant traits of multicarpellate gynoecia (Endress, 2014) , such as the compressed structure of parallel rows formed by the styles (Figs 4C, 6H ) and the dorsal bulging of the carpels (Figs 3P, 6K) . A distinctive pistil morphology of L. trimestris and M. hispanica is evident in which the proximal part of the styles in L. trimestris thickens and becomes wavy at the top of the carpels, forming a solid umbrella-like structure (Figs 4E, 7G, H) . By contrast, in M. hispanica, the fused column formed by all styles sinks and does not extend to cover the carpels (Fig. 6K) . Although within the MGA clade the fruits with fused mericarps that release seeds when ripe (lavateroid fruit) define the Lavateroid clade in which L. trimestris and M. hispanica are included (Escobar Garc ıa et al., 2009), the umbrella-like structure seems to grow differentially or be absent in different species. The umbrella-like structure covering the mericarps in L. trimestris, used as a diagnostic characteristic by De Candolle (1805) to describe the monotypic genus Stegia DC (nom. rejic.), is documented in several Lavatera species and is identified as a carpophore rather than as stylar tissue (Fernandes, 1993) . With a fleshy initial aspect ( Figs 4E, 7G) , the umbrella differentiates from the distal part of the carpels and the extended floral apex, maintaining the surface of the transmitting pollen tissue as the communication tract with the carpels (Figs 4B, E, 7E-G). Given its structure and position at the top of the carpels, this floral outgrowth would be better identified as an umbrella with style origin rather than as a carpophore.
Therefore, in addition to the ad hoc roles of the umbrella as a fruit/seed dispersal organ based on its former consideration as a carpophore and its persistence in the fruit, other functional possibilities are suggested by the proposal of a style origin, such as carpel protection.
